Madrono, Vol. 57, No. 4, pp. 220-228, 2010 


PLANT POPULATION AND HABITAT CHARACTERISTICS OF THE ENDEMIC 
SONORAN DESERT CACTUS PENIOCEREUS STRIATUS IN ORGAN PIPE 
CACTUS NATIONAL MONUMENT, ARIZONA 

Greta Anderson 

School of Geography and Development, University of Arizona, P.O. Box 210076, 

Tucson, AZ 85721 

Sue Rutman 

National Park Service, Organ Pipe Cactus National Monument, 10 Organ Pipe Drive, 

Ajo, AZ 85321 

Seth M. Munson' 

U.S. Geological Survey, Southwest Biological Science Center, Canyonlands Research 
Station, 2290 S. West Resource Blvd., Moab, UT 84532 

Abstract 

Peniocereiis strkitus (Brandegee) Buxb. (Cactaceae) is an endemic Sonoran Desert cactus that 
reaches its northern range limit in southwestern Arizona. One U.S. population occupies a small area 
of Organ Pipe Cactus National Monument near the U.S./Mexico international boundary, which has 
been monitored since 1939. An extensive survey conducted in 2002, covering 177 ha, resulted in the 
discovery of 88 new plants, in addition to the relocation of 57 plants found in previous surveys. 
Despite potential increases in population size and spatial distribution, mean plant height and number 
of basal stems has not significantly changed in recent years. Bud scars revealed that a majority of the 
population was sexually mature. Peniocereus striatiis occurrence increased with decreasing slope, 
spanned every slope aspect, and was highest on rocky soils, but was noticeably low on west and 
northwest slopes and areas where severe land degradation had previously occurred. Over half of P. 
strkitus plants were nursed by shrubs and subshrubs, while 40% occurred under leguminous trees. A 
severe frost in January 2002 top-killed 19% of the population, with the greatest damage in drainage 
bottoms. However, long-term (1944-2002) climate records show that there has been an overall 
increase in the number of frost free days in the region, which, coupled with land use change, has 
implications for the future health of this population. 

Key Words: Cardoncillo, climate, frost-tolerance, gearstem cactus, habitat suitability, land use 
history, night-blooming cereus, nurse plant. 


The small population sizes, narrow geographic 
ranges, and high habitat specificity make rare 
endemic plant species particularly vulnerable to 
accelerated climate and land use changes (Rabin- 
owitz 1981; Malcolm et al. 2006). The viability 
and persistence of rare endemic plants depends 
on the maintenance of suitable habitat and the 
ability of the population to propagate itself under 
changing environmental conditions. In the So¬ 
noran Desert, several endemic plants, including 
cacti, are of tropical descent and known to be 
limited in their northern distribution by freezing 
temperatures (Shreve 1911; Hastings 1963). 
Anthropogenic global warming is likely to 
decrease the intensity and frequency of freezing 
temperatures, which may create opportunity for 
expansion of frost-intolerant plant species (Ly- 
ford et al. 2003). In addition to climate, Sonoran 
Desert endemic plants are likely to respond to 
changes in land use that occur in their local 
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habitat, including livestock grazing, wood har¬ 
vesting, cropping practices, and other activities 
(Suzan et al. 1994). Close study and monitoring 
of plant populations and their habitat at the 
periphery of their geographic ranges can contrib¬ 
ute to an understanding of the factors that limit 
their distribution, provide information on the 
sustainability of the population, and help inform 
conservation strategies. 

Peniocereus strkitus (Brandegee) Buxb. is a 
slender-stemmed cactus endemic to frost-free 
areas of the Sonoran Desert (Felger 2000). This 
inconspicuous sub-erect to sprawling, vine-like 
cactus is typically 25-75 cm tall (Pinkava 1995) 
and up to 2 m tall in some microhabitats (Felger 
2000). Peniocereus striatus has small, scattered 
populations throughout Mexico (Baja California, 
Sonora, and Sinaloa) and is very rare in the U.S., 
where it reaches its northern range limit in 
southwestern Arizona (Benson 1982; Nabhan 
1992; and Felger 2000). One of the few P. striatus 
populations in the U.S. occurs in a small area of 
Organ Pipe Cactus National Monument 
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(OPCNM) near the U.S./Mexico international 
boundary. This population was first recorded 
from Gray’s Well in 1939 (OPCNM Herbarium, 
NE of Sonoyta, 20 April 1939, A. A. Nichol s.n.), 
and no other population has been reported from 
any other area in OPCNM. 

Past research has found that populations of P. 
striatus have higher densities and larger plant 
sizes south of OPCNM at less disturbed sites 
(Suzan et al. 1994). The condition of P. striatus 
improves under perennial nurse plants, which 
modify the environment by buffering extreme 
temperatures, increasing water and nitrogen 
availability, reducing photosynthetically active 
radiation, providing physical support and pro¬ 
tection from herbivores (Franco and Nobel 1989; 
Suzan et al. 1996). Recruitment of P. striatus is 
low, most likely because it has few species of 
pollinators, blooms nocturnally during a few 
episodes, and has low floral and fruit production 
(Benson 1950; Suzan et al. 1994; Raguso et al. 
2003). 

Previous reports suggested that P. striatus in 
OPCNM occurred more frequently on rocky hill 
slope habitat (Jackson 1966; Steenbergh 1966; 
Suzan et al. 1994; Goodsell unpublished), which 
contrasts with observations that P. striatus in 
Mexico prefers flat sites more than rocky slopes 
(T. Van Devender and M. Dimmitt, Arizona- 
Sonora Desert Museum, personal communica¬ 
tion; G. Anderson and S. Rutman personal 
observation). We hypothesize that P. striatus 
occurred on rocky hill slopes in OPCNM during 
a historical period of high land use intensity 
because these sites provided refugia from plant 
mortality and habitat degradation associated 
with livestock grazing and other land manage¬ 
ment practices. We predict that the population of 
P. striatus in OPCNM has expanded from the 
area occupied during the original survey for two 
main reasons. First, deleterious management 
practices have ceased, potentially allowing for 
increased recruitment, germination, and survival 
of P. striatus plants, as well as the regeneration of 
P. striatus nurse plants, which create suitable 
habitat for growth. Second, the frequency and 
duration of freezing temperatures in the winter 
has likely decreased since the population was first 
recorded. As winter freezing temperatures de¬ 
crease, the survival and reproduction of these 
frost-intolerant plants might increase. 

In this study, we use over 60 years of 
monitoring results to determine the population 
and habitat characteristics of P. striatus in 
OPCNM and provide some evidence of how 
climate and land use changes can affect succulent 
plants at the limits of their distributions. Our 
specific objectives were to: 1) determine the size, 
spatial distribution, and reproductive capacity of 
the population; 2) identify suitable habitat 
characteristics, including the use of nurse plants; 


and 3) assess past and current climate and land 
use threats to the population 

Methods 
Site Description 

Organ Pipe Cactus National Monument is an 
International Biosphere Reserve located in south¬ 
western Arizona, 210 km W of Tucson and 35 km 
S of Why, AZ (31.82-32.20 N, 112.bi¬ 
ll 3.09°W). Organ Pipe Cactus National Monu¬ 
ment includes several high mountain ranges and 
low basins, with elevations ranging from 300- 
1470 m. Long-term (1944-2002) mean annual 
temperature at low elevation is 21.0 C (mean 
min. = 12.1°C, mean max. = 29.9 C) and mean 
annual precipitation (MAP) is 238 mm. Precip¬ 
itation at OPCNM is bimodally distributed, with 
nearly half of the precipitation delivered during 
winter (October-March) storms and the remain¬ 
der during the summer monsoon (July-Septem- 
ber). April-June are extremely dry, with total 
precipitation in these months composing 4% of 
MAP. 

Organ Pipe Cactus National Monument was 
established in 1937 to protect the organ pipe 
cactus (Stenocereus tJiurheri (Engelm.) Buxb.) 
and the Sonoran Desert ecosystem. The 
OPCNM Peniocereus striatus population occurs 
within a Larrea tridentata-Ambrosia deltoidea 
association on floodplains and lower bajadas, an 
A trip/ex po/ycarpa-A. linearis association on 
loamy floodplains, and a Prosopis velutina- 
Parldnsonia micropliy/la-O/neya tesota associa¬ 
tion on hill slopes. 

Monitoring History of the P. striatus Population 
in OPCNM 

Thirty years following the first documentation 
of P. striatus in OPCNM in 1939, the National 
Park Service (NPS) reported the species was rare 
and occurred only on north- and east-facing hill 
slopes (Jackson 1966; Steenbergh 1966). In 1969, 
the (NPS) surveyed in the proximity of the 
original location and reported a total population 
of 36 plants on three hills (Goodsell unpublished). 
As part of the Sensitive Ecosystem Program in 
OPCNM, probable habitat, defined as hill slopes 
in the vicinity of the plants found in 1969, was 
surveyed for P. striatus in 1990. The survey 
resulted in the location of 59 plants (11 plants 
per ha in suitable habitat), which produced an 
estimate of the extant population in OPCNM of 
less than two hundred individuals (Johnson et al. 
1990; Ruffner and Associates 1995). As a result of 
this survey, the NPS measured the height and 
survivorship of 22 P. striatus plants from 1991- 
1996. Another survey occurred in 1994, when 47 
plants in OPCNM were located and tagged for a 
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study on the pollination ecology of P. striatiis 
(Nabhan and Suzan 1994). Some of these 
individuals were relocated in 1999, when volun¬ 
teers surveyed the eastern portion of its range 
in OPCNM. Fifty-seven plants were found, 
tagged and mapped. About two dozen P. striatus 
plants were tagged in 1991 and revisited from 
1993 1999 to determine population characteris¬ 
tics (Ruffner and Associates 1995), with little to 
no infonnation recorded about habitat require¬ 
ments. 

2002 Survey 

To determine the population size, distribution, 
and habitat preferences of P. striatus in OPCNM, 
a systematic survey was conducted from Janu- 
ary-July 2002. Most of the survey was performed 
by a single person trained in the appearance and 
growth habits of the plant. Survey intensity 
ranged from belt transects (5-10 m wide) in low 
density vegetation to more intensive surveys in 
xeroriparian areas. All open areas and every 
nurse plant species was checked for the presence 
of P. striatus. The survey was initiated in 
previously occupied habitat determined by previ¬ 
ous NPS reports (Jackson 1966; Steenbergh 1966; 
Goodsell unpublished) and expanded into poten¬ 
tial habitat until the survey no longer located 
plants or the international boundary was encoun¬ 
tered. Survey tracks were recorded with a high 
precision GPS unit (accuracy ~3 m), and survey 
area was created by buffering survey tracks in a 
GIS. 

The location and elevation of P. striatus plants 
were also recorded using a high precision GPS 
unit. Plants were marked with numbered metal 
tags and the maximum height and width of each 
plant, as well as the number of live and dead 
basal stems per plant were recorded. Height and 
width measurements were taken during winter 
dormancy and only green succulent stems of 
plants were measured. To determine herbivory 
damage, the presence or absence of injury to a 
plant and proximity to a rodent hole were 
recorded. Since flower bud scars are obvious 
and persist for a long time, they were used to 
indicate reproductive status. The nurse plant 
{sensu Franco and Nobel 1989) and its spatial 
orientation to P. striatus, as well the nearest 
perennial plant neighbor and its distance to P. 
striatus were noted. 

Slope, aspect and other descriptors of the 
physical environment were recorded. Soil surveys 
from OPCNM (USDA Soil Conservation Ser¬ 
vice 1972) were used to produce a digital data 
layer of soil types within the P. striatus survey 
area. Lastly, whether or not the plant was within 
two meters of an ephemeral drainage was 
observed and recorded. 


Climate and Land Use History 

Precipitation was measured at the Dos Lomitas 
rain gauge, located within the study area, and 
temperature was measured at the National 
Weather Service station located at park head¬ 
quarters 20 km NW of Dos Lomitas. To assess 
past land use history of the study area, a map of 
historic land use was prepared. A digital ortho¬ 
photo quadrangle, formed from a 1997 photo¬ 
graphic image, was used as a base layer onto 
which lines and polygons were drawn to indicate 
roads, eorrals, wells, historic agricultural fields 
and disturbance zones. Early aerial photographs 
of the area were compared with the 1997 ortho¬ 
photo quad to verify or interpret linear features 
and other patterns of land use. Some man-made 
features found on the ortho-photo quad were 
verified on the ground using GPS. Archived 
documents at OPCNM provided additional 
information on past land management activities 
(Rutman 1996). 

Statistical Analyses 

The height and width of P. striatus in 2002 
were broken into 10 cm size classes to assess 
population structure. Changes in height and 
number of basal stems through time were 
evaluated using repeated measures ANOVA (R 
Development Core Team 2008). The proportion 
of the total population in each slope class, aspect, 
soil type, nurse plant, and nearest perennial plant 
was deteiTnined. Pearson’s Chi-square tests were 
performed to determine if observed occurrences 
were different than an expected random distribu¬ 
tion in potential habitat. ANOVA was also 
performed on height of P. striatus to see if there 
were differences among nurse plant associations. 

A linear regression model was fit to determine 
trends in temperature through time. 

Results and Discussion 

Population Characteristics 

A survey of 172 ha of potential Peuiocereus 
striatus habitat in OPCNM resulted in the 
discovery of 88 new plants, in addition to the 
relocation of 57 plants found in the 1999 survey, 
which makes the density of the population 0.85 
individuals per ha. This population size of 145 
plants is larger and population density two orders 
of magnitude greater than estimates reported by 
Suzan et al. (1994). The close proximity (<3 m) 
of many new P. striatus found in the 2002 survey 
to those found in 1969 (Fig. 1), and the discovery 
of small individuals in 2002, provide further , 
evidence that there have likely been increases in j 
the population size. The population also appears I 
to have expanded from its restricted spatial 
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Firi. 1 T ocalion of Rcniocvrcus strintus individuals from 1969 and 2002 surveys and land use dislurbanees in 
Organ Pipe Cactus National Monument. 


distribution on hillslopes in 1969 to adjacent low- 
lying areas, but individuals were notably absent 
from the farthest western portion of the survey 
area where intense land use modification had 
occurred (Fig. 1). Potential increases in popula¬ 
tion size and spatial distribution may be partially 
due to differences in survey efforts, which were 
not well described in historic records. 

The mean height of plants in 1993 did not 
significantly change in subsequent surveys in 
1994-2002 (Fig. 2a). The mean number of basal 
stems did not significantly change from 1999 to 
2002, although there was a trend for stem number 
to increase (Fig. 2b). The mean height and width 
of plants were 58.6 cm (±2.5 cm standard error) 
and 54.4 cm (±3.7 cm), respectively. The height 


distribution of the population ranged from I to 
158 cm and had a significant (>2 standard errors 
of skewness) positive skew (1.02), which means 
the tail of the distribution was shifted towards 
taller individuals (Fig. 3a). While a majority of 
individuals in the P. striatus population were 40 
80 cm tall, it is likely that the interaction P. 
striatus had with nurse plants allowed for the 
growth of tall individuals by facilitating an 
environment that was favorable for plant growth. 
The tallest plant of 158 cm was close to the 
maximum recorded height of 200 cm (Felger 
2000; Goodsell unpublished). The horizontal 
width distribution was bimodal, with most 
individuals <10 cm or 30 70 cm (Fig. 3b). This 
reflects the vine-like (narrow) and bush type 
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1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 


Year 

Fig. 2. Mean height (a; n = 15) and total number of 
basal stems per plant (b; n = 51) of Peniocereus striatus 
from 1993-2002. No significant differences among 
years (P > 0.05). 

(wide) morphological types first described by 
Johnson et al. (1990). The vine-like morphs often 
occurred under trees and had long branches that 
draped across nurse plant stems, while the bush- 
type morphs appeared to have shorter, more erect 
branches and usually grew within the canopies 
of shrubs and subshrubs or in the open. The 
maximum width of 304 cm exceeded previously 
reported values (Johnson et al. 1990; Pinkava 
1995; Anderson 2002). Most plants had a single 
living basal stem, although at least one plant had 
eight stems. 

A majority of P. striatus individuals in the 
OPCNM population were sexually mature. The 
presence of bud scars indicated that 76% of the 
plants had flowered in the past. For the 
remainder of the population, reproductive status 
could not be determined, either due to herbivory 
or aboveground tissue damage. In July 2002, 45% 
of P. striatus individuals had buds present, 
including two plants that lacked bud scars from 
prior reproductive activity. 

Habitat 

Peniocereus striatus occurred at a low, fairly 
narrow elevation range between 388-441 m, 
which is within the elevation range of 60^50 m 
reported for this species (Benson 1982). The 
number of plants decreased with increasing slope: 
35% of plants occurred on <2% slope, while only 
5% of plants occurred on >22% slope (Table 1). 
This suggests that there has been expansion of the 
population from its restricted historical hill slope 
habitat. Peniocereus striatus occurred on every 
slope aspect, but had a tendency to occur less 
frequently on west and northwest facing slopes 
(X“ == 21.5, P = 0.003, 




Width Class (cm) 


Fig. 3. Percent of the Peniocereus striatus population 
in height (a) and width (b) classes. Height distribution 
skewness = 1.024, kurtosis = —0.375. Skewness and 
kurtosis is considered significant if greater than 2 
standard errors of normal distribution = ±0.436. 


df = 7; Fig. 4a). This result is consistent with 
earlier reports that suggested P. striatus occurred 
less frequently on west-facing slopes (Steenbergh 
1966; Goodsell unpublished). While many cacti in 
OPCNM attain their greatest densities on south¬ 
facing slopes since they are less subject to freezing 
temperatures in the winter (Parker 1987), the 
current P. striatus distribution is not limited to 
these slopes, perhaps because they are frequently 
buffered from extreme environmental conditions 
by nurse plants. 

Peniocerius striatus occurred on five different 
soils and three landform types within the 2002 
survey area (Table 1). Plants occurred less 
frequently on fine and very fine sandy loams 
and more frequently on rocky soils than predict¬ 
ed if plants were randomly distributed in their 
potential habitat (x“ = 109.4, P < 0.0001, df = 5). 
Twenty-seven percent of the population occurred 
on deep, very fine or fine sandy loam on gently 
sloping floodplains, nearly half of the plants 
occurred on very gravelly or cobbly loam on 
dissected alluvial fans, and another quarter of the 
plants grew on very stony loam on hill slopes , 
(Table 1). Peniocerius striatus was not found on i 
torrifluvents of the drainage bottoms, although 
this substrate type only represented 4.3 percent of 
the survey area. Although these results are 
consistent with historical accounts of greater P. 
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Table 1. Habitat Characteristics of Penio- 

CEREUS STRIATUS POPULATION AT ORGAN PiPE 

Cactus National Monument. 


Habitat 

% of population 

Slope 

0-2% 

35 

3-8% 

25 

9-14% 

21 

15-21% 

14 

>22% 

5 

Soil type 

Gunsight very gravelly loam 

41 

Gilman very fine sandy loam 

26 

Lomitas very stony loam 

24 

Harqua very cobbly loam 

8 

Antho fine sandy loam 

1 

Torrifluvents 

0 


striatus occurrence on rocky soils, the population 
has expanded to other soil types. 

Nurse Plant Associations 

Most P. striatus plants in OPCNM grew within 
the canopy of subshrubs, shrubs and trees. 
Nabhan and Suzan (1994) also found that P. 
striatus was non-randomly distributed in the 
environment, preferring microsites under nurse 
plants to microsites with no plant cover. Over 
half of P. striatus plants were nursed by shrubs 
and subshrubs, while 40% occurred under 
leguminous trees (Table 2). These results are 
similar to Nabhan and Suzan (1994), who found 
that 50% of P. striatus grew under trees. A 
majority of P. striatus that had nurse plants were 
directly within them, while most others were 
oriented either directly north or south of the 
nurse plant (x^ = 47.0, P < 0.0001, df = 7; 
Fig. 4b). An orientation north of the nurse plant 
can be explained by protection against excessive 
radiation, temperature, and water stress (Franco 
and Nobel 1989), while an orientation south of 
the nurse plant may provide protection against 
frost (Suzan 1994). 

While we found Prosopis velutina Wooton to 
be the most commonly used nurse plant by P. 
striatus, Nabhan and Suzan (1994) reported 
Olneya tesota A. Gray was the species’ principal 
nurse plant. Besides providing shade and physical 
protection, legume trees also increase soil nitro¬ 
gen levels under their canopies (Franco and 
Nobel 1989). Johnson et al. (1990) observed that 
Ambrosia deltoidea (Torr.) W. W. Payne, Larrea 
tridentata (DC.) Coville, and Parkinsonia inicro- 
phylla Torr. were the most common nurse plants 
for P. striatus. The earliest report of the OPCNM 
population mentions Larrea tridentata as the 
most common associate (Goodsell unpublished), 
followed in quantity by plants standing entirely 
alone. Nurse plant type significantly affected the 


(a) 


N 

15 % 



S 


Fig. 4. Percent of the Peniocercus striatus population 
on each aspect (a) and orientation in relationship to 
nurse plant (b). Aspect; ^ 21.4, P = 0.003, df = 7, 
orientation to nurse plant: x" ^ 50.2, P < 0.0001, df = 
7. Chi-square test assumes expected population is 
evenly distributed in each direction. 

mean height of P. striatus. Plants underneath 
trees were significantly taller than those under 
subshrubs, while plants underneath shrubs and 
those with no nurse plant association had an 


Table 2. Nurse Plant Associations of Penio- 

CEREUS STRIATUS POPULATION AT ORGAN PiPE 

Cactus National Monument. 


Nurse plants 

% of population 

Subshrubs 

25 

A trip lex linearis S. Watson 
Ambrosia deltoidea (Torr.) W. W. 

13 

Payne 

12 

Shrubs 

29 

Larrea tridentata (DC.) Coville 
Atriplex polycarpa (Torr.) S. 

14 

Watson 

11 

Lyciwn spp. 

4 

Trees 

40 

Prosopis velwitina Wooton 

21 

Parkinsonia micropliylla Torr. 

12 

Olneya tesota A. Gray 

7 

Other 

6 

None 

4 

Prosopis velwitina (dead) 

1 

Unknown shrub (dead) 

1 








226 


MADRONO 


[Vol. 57 


S 80 



Nurse Plant 


Fig. 5. Mean height of Peiiioceveus striatus in 
relationship to the nurse plant type (none, subshrub, 
shrub, tree). Different letters designate significant 
differences (Tukey adjusted P < 0.05). 

intemiediate height (Fig. 5). This supports our 
hypothesis that P. striatus makes opportunistic use 
of the structural support of the available perennial 
canopy and that the shrubby morph is more likely 
to be found in the open or under a subshrub. 
Peniocereiis striatus was on average 16.7 (±1.7) 
cm from the nearest perennial plant, which was 
most commonly a subshrub (55%), either Ambro¬ 
sia de It aide a or A triplex linearis S. Watson, 
followed in close proximity to shrubs (30%). 

Threats to Population 

Climate. Most plants had at least one dead 
basal stem, indicating that aboveground tissue 


damage was widespread and common. During 
the winter-spring survey of 2002, 19% of P. 
striatus individuals with at least one previously 
green stem had all their stems become light 
brown, dry and brittle. Since most of the plant’s 
biomass is belowground in diffuse tubercles 
(Benson 1982), this “top-kill” does not necessar¬ 
ily equate to plant mortality. One likely explana¬ 
tion for this observed “top-kill” is freezing 
temperatures. Temperature at the site dropped 
to —13.7 C on January 31, 2002, which is low 
enough to cause tissue damage or death of 
temperature-sensitive succulents (Nobel 1988). 
Position on the landscape significantly affected 
the probability of the 2002 aboveground tissue 
damage {%- = 70.4, P < 0.0001, df = 3): 36% of 
individuals that occurred <2 m from a drainage 
showed top-kill damage while only 8% of 
individuals >2 m from a drainage were damaged. 
Since drainages are frequently affected by cold 
nocturnal air inversions due to radiative cooling 
and cold air How from sidewalls (Brunt 1939), the 
higher incidence of top-kill in low-lying areas was 
likely caused by low temperatures. By early 
summer 2002, more than half of top-killed plants 
had re-sprouted from the base or had new 
branches growing from the desiccated stems. 

The likelihood of frost damage is likely to 
decrease in the future as temperatures warm due 
to anthropogenic greenhouse gas emissions. Over 
the last fifty years (1949 2002), the number of 
freezing days has declined from greater than 20 
to less than 10 days per year (linear regression: 
slope = -0.33, r- = 0.41, P < 0.0001; Fig. 6), the 
average minimum January (coldest month in 
OPCNM) temperature has increased 2.3 C, and 
this average has not been below freezing since 


y: 


in 



1945 F\^0 F>55 F>60 F>65 19"0 F>“5 F>S0 F^85 F^95 2000 2005 


Year 


Fig. 6. Annual number of freezing days at study site from 1949-2002 (black line) and 10-year moving average 
(gray line). Linear regression: slope = —0.33, r“ = 0.41, P < 0.0001. 
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1949 (not shown). Given that minimum temper¬ 
atures likely limit the range of P. striatus, these 
changes in temperature may explain potential 
increases in the P. striatus population. Future 
increases in temperature arc likely to result in the 
spread of frost-intolerant succulents and other 
plants northwards in their distribution. 

Herhivory. Most P. striatus plants (70% of the 
population) displayed signs of herbivore damage 
during the winter 2002 survey, likely caused by 
rodents and lagomorphs. In 2002, 17% of new 
stems initiated in the spring showed signs of 
herbivory by July. Nearly half (45%) of the total 
population was within 1 m of a rodent hole, 
which suggests a high animal density in close 
proximity to the cactus population. 

Land use. The habitat of P. striatus is located in 
an area of OPCNM heavily degraded by past 
land use and land management practices. Con¬ 
centrated livestock grazing, wood harvesting, and 
farming were among the land use activities within 
the study site at the Gray Ranch headquarters 
(Rutman 1996). The overstocking of cattle had 
adverse environmental effects, including damage 
to P. striatus and its habitat, which continued 
until livestock were removed in the late 1970’s 
(BLM 1966; Schultz et al. 1971). On certain soil 
types in the study area, poor livestock grazing 
practices led to accelerated erosion, expressed as 
deeply entrenched channels and headcuts that 
moved upstream as much as 8 m per rainstorm in 
1952 (OPCNM historic photo, accession #1629). 
Large stumps and re-sprouted stems at the study 
site are signs of historic tree harvesting, while 
more recently, illegal woodcutters have taken tree 
branches using machetes (Nabhan and Suzan 
1994). Peniocereus striatus could not have been 
present on a 13 acre flood-irrigated field used by 
the Gray family at the north end of the study 
area. Small diversion dams and retention dikes 
used to manage irrigation, which date back to the 
early 1930N, change water surface flows on 
several hundred acres of suitable habitat for P. 
striatus. 

Potential habitat in the study area has also 
been disrupted by erosion control structures 
installed by the NPS and Soil Conservation 
Service in the 1950’s-1960’s. More than 50 years 
after their construction, these structures remained 
clearly visible in aerial photography (northwest 
corner of Fig. 1). Despite these structures, 
erosion rates have not slowed since 1977 (T. 
Marsh, unpublished data, 1977-1996). The loss 
of soil has undoubtedly had consequences for the 
local P. striatus population, as the roots would 
have been exposed or buried, depending on 
landscape position. Peniocereus striatus has not 
been found in or adjacent to these erosion control 
structures, which suggests that the species may be 
sensitive to the local watershed modifications 
caused by these structures. 


Previous surveys and knowledge about the 
study area’s land use history provides some 
evidence that the P. striatus population was 
historically restricted to rocky hill slope habitat, 
as reported by early surveyors. This landscape 
position was largely left undisturbed by livestock 
grazing, erosion, agriculture, and watershed 
modifications, which were concentrated on the 
low-lying and flatter portions of the landscape. 
The cessation of livestock grazing, coupled with 
warmer temperatures, may have allowed for the 
expansion of P. striatus into areas of the 
landscape where it was previously not found. 
Erosion control structures and their long-term 
effect on hydrology continue to exclude this 
species from otherwise suitable habitat. 
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